Most medical treatments of Parkinson's disease (PD) are aimed at the reduction of motor symptoms. However, even when motor improvements are evident, patients often report a deterioration of their daily lives. Thus, to achieve a global improvement in personal wellbeing, not only drugs, but also complementary therapies, such as physical exercise, occupational therapy, speech therapy, and active music therapy, have been used. We hypothesized that theater could reduce clinical disability and improve the quality of life of PD patients (primary end points) more efficiently than other complementary therapies because (1) in order to impersonate a character, patients are forced to regain the control of their bodies; and (2) while being part of a group, patients have a high degree of social interaction. The need to regain the control of their bodies and of their social functioning is very likely to deeply motivate patients. To assess this hypothesis, we ran a randomized, controlled, and single-blinded study that lasted 3 years, on 20 subjects affected by a moderate form of idiopathic PD, in stable treatment with L-dopa and L-dopa agonists, and without severe sensory deficits. Ten patients were randomly assigned to an active theater program (in which patients were required to participate), while the others underwent physiotherapy (control group), the most common nonpharmacological treatment for PD rehabilitation. Patients of both groups were evaluated at the beginning of each year, using five clinical rating scales (Unified Parkinson's Disease Rating Scale [UPDRS], Schwab and England Scale, Parkinson's Disease Quality of Life [PDQ39] Scale, Epworth Sleepiness Scale, and Hamilton Depression Rating Scale). The theater patients showed progressive improvements and, at the end of the third year, they showed significant improvements in all clinical scales. Conversely, the control patients did not exhibit significant ameliorations with time. Thus, the present study provides the first scientific evidence that active theater, coupled with conventional medical treatments, represents a valid complementary therapeutic intervention for PD treatment.
INTRODUCTION
Parkinson"s disease (PD) is a neurodegenerative disease that causes motor disturbances (postural and walking difficulties, rigidity, bradykinesia, and tremor) and nonmotor disturbances, such as neuropsychiatric (e.g., depression, anxiety, cognitive impairments) and neurovegetative disorders (e.g., decreased control of urinary bladder, sexual dysfunctions; for review see [1] ). Consequently, general health and the personal and social lives of patients can be deeply impaired.
Pharmacological treatment of PD, based on the administration of dopaminergic drugs, is symptomatic and mainly aimed at reducing motor symptoms. With this approach, optimal control of the symptoms is possible only in the initial stages of PD. With time, however, the positive effects become less evident, nonmotor symptoms progressively increase, side effects of the dopaminergic medications appear, and the management of the disease becomes more complex [2] . Often with the progression of the disease, PD patients experience trouble with communication and this may lead to social isolation as the person may be embarrassed by the disease (Scottish Intercollegiate Guidelines Network 2010, http://www.sign.ac.uk/ index.html). As a consequence, patients start to suffer from a deterioration of their social functioning and their quality of life (QoL).
For these reasons, in addition to pharmacological treatments, complementary approaches have been tested. Most of patients undergo physiotherapy [3] and this intervention has been shown to be effective [4, 5, 6] . However, improvements do not always outlast the treatment [7, 8] and do not always help to manage nonmotor symptoms, probably because physiotherapy is usually lacking in the motivational and emotional spheres.
Other complementary therapies, such as group psychotherapy [9] , art therapies [10, 11] , and occupational therapies [12] , have been shown to produce positive effects on QoL. These complementary therapies do not offer a cure for PD, but may help to ease the symptoms and make coping with the disease easier. In fact, complementary therapies address not only the physical aspect of PD pathology, they also tackle its social and psychological aspects. Despite this potentiality, there are few randomized controlled trials testing their efficacy [13] . Among those, Pacchetti et al. [11] showed for the first time that 3 months of active music therapy, where PD patients play an active part by using instruments and voices, improve both their motor abilities and emotional status. They attributed the improvements of motor performance, especially of bradykinesia, to the rhythmic aspect of music and to its affective arousal, which was thought to be also at the basis of ameliorations of emotional functions. Pacchetti et al. [11] concluded, suggesting that by promoting socialization, expression of feelings, awareness, and responsiveness, music therapy increases motivation in patients whose personalities are frequently characterized by apathy, anhedonia, and depressive symptoms. However, these changes were not stable. In fact, even though improvements in motor response occurred after each music therapy session, only the changes in bradykinesia showed a trend of improvement across the overall evaluation. Improvements in emotional functions were also evident after each session and at the end of the study. It is important to note that both motor and emotional changes disappeared 2 months after completion of the therapy.
We hypothesized that active theater, which shares some features with active music therapy (e.g., the combination of movements and stimulation of different sensory pathways, emotional involvement), might have a stronger effect than music because of the special features required by this discipline. In order to be able to impersonate a character, patients need to control their bodies and minds carefully. In other words, patients have to be aware of and control each movement they produce and, at the same time, they also have to represent their character"s emotions, i.e., they need to be able to feel and reproduce his/her feelings. In addition, both during the performance and off the set, patients have to interact continuously, so they are forced to socialize. The strict coupling between motor control and ability to manage social situations makes theater an ideal playground to motivate patients deeply. In turn, this might allow a more stable improvement of clinical disability and QoL (primary end points) of PD patients. We compared the effect of theater therapy with physiotherapy, the most common among the nonpharmacological treatments for PD [3] .
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MATERIALS AND METHODS
Subjects
We selected 24 patients from the outpatients of the Parkinson"s unit of IRCCS Neuromed Hospital (Italy). Criteria for including PD patients were: (1) being affected by a moderate form of idiopathic PD (Hoehn & Yahr stage 2-4), (2) being in stable treatment with L-dopa and L-dopa agonists, (3) not having severe sensory (visual or auditory) deficits, and (4) not having severe movement dysfunctions.
Throughout the entire course of the study, patients were allowed to continue taking their dopaminergic therapy, consisting of L-dopa alone or in association with dopamine agonists. Whenever necessary, the drug therapies were modified and optimized according to the patient"s clinical progress. The assumption of antidepressant or hypnotic agents was not systematically controlled, but at the end of the study, they were equally distributed between the two groups.
Twelve patients were randomly assigned to a theater workshop rehabilitation program (theater group), while the other 12 underwent a standard rehabilitation therapy based on physiotherapy (control group). To assign a patient to a group, we adopted the following procedure. First, we matched patients two by two for age, sex, years from the PD diagnosis, and pharmacological treatments in the best possible way. Second, exploiting a computer routine implemented in MATLAB (The Mathworks, Inc., Natick, MA), we randomly assigned one member of the 12 pairs to one group. Importantly, patients knew that they were taking part in a study but, in order to prevent complaints, we did not tell to the people of one group what the other group was experiencing. None of the patients of the two groups refused to participate.
All subjects gave their informed consent and were free to withdraw from the study at any time. The general procedures were approved by the local Institutional Ethics Committee and were performed in accordance with the ethical standards laid down in the Declaration of Helsinki of 1964.
Clinical Assessment
For the entire period of the experiment, 3 years, all patients were monitored twice a month. Four patients (two from the theater group and two from the control group) did not conclude the study because of logistic problems (they changed their home towns following their families). Two patients left the study during the first year and the other two after the second year. Their data are not included in the present study in order to allow the use of repeated-measures designs, but they were in line with those presented in the paper.
On average, the remaining patients of both groups took part in at least 70-80% of the rehabilitation sessions. All patients underwent a clinical evaluation at the beginning of the monitoring period (T0), after 1 year (T1), 2 years (T2), and 3 years (T3). A neurologist (NM) blinded to the study group evaluated the PD patients. We employed the following five clinical scales. (1) The Unified Parkinson"s Disease Rating Scale (UPDRS) was used for rating patients" mood and cognition (UPDRS1), the activities of daily living (UPDRS2), motor symptoms (UPDRS3), and the complications of the therapy (UPDRS4). (2) The Parkinson"s Disease Quality of Life Scale (PDQ39) measured the QoL by summoning the scores of its eight subscales (mobility, activities of daily living, emotional well-being, stigma, social support, cognition, communication, and bodily discomfort). (3) The Epworth Sleepiness Scale (measuring the level of daytime drowsiness) and (4) the Hamilton Depression Rating Scale (measuring the level of depression) were also used for rating nonmotor symptoms. (5) The Schwab and England Scale was used to assess the degree of functional independence in daily living. We employed several clinical scales because we wanted to assess the overall QoL of patients from different points of view.
The ratings of all scales were always carried out in their dopaminergic "ON" state. We assessed it by asking each patient and his relatives (1) "What is the amount of the first morning dose that normally allows him/her to reach the best control of symptoms?" and (2) "How long does it take to reach the "ON" state?" As a result, patients were rated 30-60 min after the administration of a dose of L-dopa ranging from 100 to 200 mg.
Physiotherapy
Physiotherapy consisted of individual 2-to 3-h daily sessions, 3 days/week (~18 h/month), for 3 years, with two physiotherapists. Aims of this therapy were: preventing osteoarticular rigidity, muscular contractures, and atrophies; grading postural abnormalities; promoting postural reactions; promoting postural changes; training balance and gait; and increasing tolerance to the physical exercise (for more details see Table 1 ). 
Therapeutic Theater Workshop
The theatrical workshop, led by the theater company, consisted of 6-h daily sessions, for two consecutive days, once or twice per month, for a total of ~18 h/months, for 3 years (for more details see Table 2 ). The 2305 initial part of every workshop focused on exercising basic skills. All subjects were trained in controlling breathing, posture, gait, coordination, and manual tasks.
(MOVIE S1: This movie shows some exercises of motor coordination performed by one PD patient, with 1 year of theater training, together with an actress during one theatrical workshop session. The patient was in "ON" therapy.) After having created an acting and an audience area, the involved patients perform the scene they were previously exercising technically * Some lessons could be preceded by a video (10 min) of the scene to be performed.
The patients were then taught to approach theater texts and to analyze them. In the second part of the workshop, patients rehearsed singly or in groups, together with actors, based on improvisation or sketches. Sketches were always directed by actors of the company with the aim of recreating on the stage behaviors and emotions that could occur in real life. Through this training, patients learned to express themselves and to communicate with each other both verbally and nonverbally. After periods of training, some of the patients wrote a script and eventually presented it with the help of the director.
(MOVIE S2: This movie shows a sketch where a PD patient, with 1 year of theater training, impersonates a man who finds out that he has won the lottery. The patient was in "ON" therapy.)
Statistics
We employed the Shapiro-Wilk test of normality in order to assess whether a given sample came from a normally distributed population.
Analyses of variance (ANOVAs) were employed for assessing (1) changes in drug therapy at T0 vs. T3 in theater vs. control group and (2) changes over time (T0, T1, T2, T3) in theater vs. control groups across all clinical scales. Mauchley"s test evaluated the sphericity assumption and, where appropriate, correction of the degrees of freedom was made according to the Greenhouse-Geisser procedure. Bonferroni correction was applied to all posthoc tests (pairwise comparisons).
In order to control for the sample size, for each statistic we computed the partial eta-squared (η 2   ) , a coefficient that estimates the so-called "effect size". The effect size is a measure used for describing the degree of relationship between dependent and independent variables, independently from the sample size. Values of η 2 higher than 0.14 indicate strong effect sizes, namely that the F values obtained are unlikely to depend on the sample size. Values of η 2 smaller than 0.06 indicate small effect sizes.
RESULTS
At time T0, i.e., prior to the theatrical experience, all clinical parameters of the two groups (see Table 3 ) were homogeneous. T-tests revealed no significant differences for age (t However, even though there was no interaction between time and group (it was very close to be significant), theater-group patients did not require an increase in dopaminergic drug therapy during the course of the study, while the control patients did. In order to compare the scores obtained in the clinical scales by the two groups, first we checked whether data were normally distributed. Results are reported in Table 4 . As can be noted in the large majority of instances (107/120 or 89.2%), the Shapiro-Wilk test was not significant, indicating that the assumption of normality could not be refused. Thus, we decided to apply parametric rather than nonparametric statistics because the former are much more robust. T1  T2  T3  T0  T1  T2 The effect of theatrical training is illustrated in Tables 5 and 6 , Figs. 1 and 2. To assess differences for the score of each clinical scale, we employed a doubly multivariate repeated-measures design with time (T0, T1, T2, T3) and group (control, theater) as factors. Results are summarized in Table 6 .
(MOVIE S3: This movie shows a PD patient performing a singing exercise at time T0 [at the beginning of theatrical workshop] and at time T1 [after 1 year of theater training]. Clearly, at T0, the patient is impaired, while at T1, he is able to perform the exercise without effort. In both instances, the patient was in "ON" therapy.) (MOVIE S4: This movie shows two sketches played by a PD patient at T1 [after 1 year of theatrical training] and at T3 [after 3 years of theatrical training]. In the first sketch, the patient [who is in front of the camera, wearing a black T-shirt] is acting the part of a man who is altercating with two other people [another PD patient and an actress]. In the second sketch, the same patient [wearing a black shirt] performs some karate moves, leading the group choreography. It is worth noticing: [1] the much greater mobility and body control; [2] the increased expressivity; [3] the remarkable weight loss of the patient in the second sketch with respect to the first one. In both instances, the patient was in "ON" therapy.) We found a significant main effect of the factor time in all clinical scales except for UPDRS1 and UPDRS4. This indicates that in the majority of the scales, a significant change occurred at some point during the 3 years of the study. Posthoc pairwise comparisons showed that the mean scores of nonmotor clinical scales tended to change early on; namely, often they were already different after the first year (T0 vs. T1), while the improvement was less fast for UPDRS3, in which the first significant difference could be observed after the second year. The factor group was significant only for the UPDRS1 scale. Posthoc pairwise comparisons on the factor group revealed that the mean differences between scores of the control and theater groups became significantly different at T2 and T3 only. This means that at T0 and T1, there was not a significant difference in patients" mood and cognition between the two groups.
Finally a significant interaction was found in the Epworth Sleepiness Scale, Hamilton Depression Rating Scales, Schwab and England Scale, UPDRS1, UPDRS3, and UPDRS4 scales, and for three subscales of PDQ39 (emotional well-being, stigma, and social support). Posthoc pairwise comparisons revealed that (1) PD theater patients showed a significant improvement in most of the nonmotor clinical scales and, to a lesser extent, in the UPDRS3; on the other hand, the scores of the control group remained substantially unchanged; (2) in the theater group, the improvement in nonmotor clinical scales took place faster than those in the motor scale, which became evident only after 2 years.
Remarkably, with one only exception, the η 2 was always higher than 0.14 when the F values were significant (see Table 6 ). This finding underlines that in all those instances, there were strong effect sizes; namely, that the F values obtained did not depend on the small sample size.
To summarize, at T0, the cognitive status of the two groups was homogeneous (at T0 the UPDRS1, the PDQ39 emotional well-being, and the PDQ39 stigma were not significantly different). The only significant difference was related to the feeling of social support; patients of the theater group felt less supported than controls. Nonmotor symptoms of PD patients of the theater group improved over time more consistently than motor symptoms. Of relevance, they showed a very quick improvement in the mood, quality of sleep, and perception of social support (as revealed by the significant improvement of the Hamilton Depression Rating Scale, Epworth Sleepiness Scale, and PDQ39 social support scale scores at T1 with respect to T0). All these parameters further improved at T2. In addition, significant ameliorations of functional independence, emotional well-being, and stigma were assessed at the same time. Finally, at T2, motor symptoms also significantly improved. Thus, our results show that the theater group had a clear improvement over time, while the control group did not display significant improvements during the 3 years with respect to T0.
DISCUSSION
The idea of PD as a pure motor disturbance must be reconsidered. Phenomena like kinesia paradoxica, i.e., the sudden mobility and agility of otherwise akinetic PD patients in situations of great emergency, suggest that the nature of this pathology cannot be motor in a strict sense. In line with this hypothesis, Mazzoni et al. [14] showed that patients can exhibit "normal" motor behavior even in simple arm-reaching movements, not just in extreme cases. Clinical observations of PD progression also reveal the negative effects of nonmotor symptoms on patient well-being [15] . Often a patient"s personality traits change: calm and quiet people, after developing PD, can start doing things they never did before, such as writing or painting compulsively [16, 17] . Patients might even lose the ability to estimate the consequences of their actions correctly, developing compulsive reward-seeking activities (e.g., gambling [18] ). About 50% of PD patients suffer from apathy or anhedonia [19] , which leads to loss of motivation and ability to plan daily life.
Despite this evidence, nonmotor features are usually under-recognized and undertreated because attention is paid to motor symptoms that are treated with dopaminergic drugs. This approach can lead to the paradoxical discrepancy between an objectively good control of motor disturbances and an increasingly negative feeling of well-being reported by the patient. Thus, to achieve global improvement in personal well-being, complementary approaches are needed, but only a few have been explored.
Even though physiotherapy has been shown to be effective in improving patients" physical performance and QoL [20] , benefits are often temporary [7, 8] . Occupational therapies, art therapies (such as music [11] and dance [10] ), and group psychotherapy [9] have also been shown to produce positive effects on QoL, anxiety, and depression. However, at the moment, it is not possible to formulate recommendations for those approaches because there is too few evidence of positive effects. For instance, Pacchetti et al. [11] showed that active music therapy improves both motor abilities and the emotional status of PD patients; however, improvements tended to disappear within a few months after completion of the therapy.
On the other hand, our study shows for the first time that active theater has positive and stable effects on the cognitive, affective, and motor domains of PD patients, thus improving their overall QoL. The greater impact of our theater training with respect to previously employed complementary therapies could be explained in two ways that are likely to interact with each other. First, our rehabilitation program had a longer duration than previous programs (i.e., the active music therapy of Pacchetti et al. [11] lasted only 3 months). Second, theater requires the development of peculiar abilities. To perform on stage, patients are forced to control their movements, thoughts, and emotions carefully. Furthermore, theater requires a high degree of personal interaction and thus promotes socialization, lessening the feeling of isolation frequently reported by PD patients. Possibly, thanks to all these elements, active theater deeply motivates patients, allowing them to regain self-confidence and to develop higher self-control.
LIMITATIONS OF THE STUDY
We are aware of methodological limitations of our study and, on this basis, we believe that it has to be considered a pilot study. First of all, the sample is relatively small (but the low number of subjects was needed in order to allow a rigorous intervention on each subject for a long period of time and we controlled that our results did not depend on the small sample size). Second, as stated in the Materials and Methods section, we carried out this experiment only on patients affected by a moderate form of PD (Hoehn & Yahr stage 2-4). The rationale was that since mild PD patients have less motor symptoms, they could fully live the theatrical experience and we thus thought it would be simpler to observe differences with respect to the control group. Currently, we do not know whether the most severe cases of PD could benefit by the theatrical experience. This will be the topic of future researches. Third, we are aware that our theater therapy program might not be easily transferred to different hospitals or clinics.
Nevertheless, this first quantitative demonstration of the efficacy of active theater as a rehabilitative tool for PD could open the doors to other clinical trials and confirm that the use of complementary approaches can bridge the gap between the best effect of the pharmacological therapy and the achievement of a better QoL.
